Abstract-A DTC technique using NPC three level inverter fed induction motor is presented in this paper. In order to utilize the weak wind irrespective of the required constant angular velocity, a modified DTC with NPC topology can be used. Compared to the conventional DTC, this three level inverter DTC topology provides better dynamic performance with reduced torque ripple. Results obtained by using a versatile simulation package, SIMULINK/MATLAB, for demonstrating the NPC three level Inverter fed Induction motor with Direct Torque Control proves the effectiveness of the proposed topology.
INTRODUCTION
In most of the wind power applications, the generators used work at constant angular velocity. For increasing the effective utilization of the wind power, the weak winds also need to be consumed even at low frequencies. This can be done using the three-level NPC inverter fed induction motor drive with direct torque control. This control ensures fast dynamic response even at low frequencies [3] . The NPC inverter is one of the most commonly used multilevel inverter topology for driving induction motor at high power applications. This type of control here utilizes a switching table based on torque and flux hysteresis controllers. Unlike in conventional DTC with twolevel inverter, here in three-level DTC, 24 voltage vectors are used In this paper, the basics of DTC with three-level inverter on Induction motor are discussed. This can be extended for direct torque control of induction generator for wind power applications. Later in this paper, in order to minimize the neutral point voltage unbalance problem, a voltage balancing algorithm is adopted. Simulation results of this control technique have been shown which clearly shows that the ripple content is reduced in torque and flux.
II. DIRECT TORQUE CONTROL OF THREE-LEVEL INVERTER FED DRIVE

A. Direct torque Control
In modern automated systems, there are two competing control strategies for ac motors i.e. field oriented control (vector control) and direct torque control (DTC). Nearly 30-32 years ago, in 1971, F.Blaschke presented the paper on field oriented control (FOC) for induction motor control. Thirteen years later, a new control technique of induction motors was developed and presented by I.Takahashi, as direct torque control (DTC). The name direct torque control is derived from the fact that, on the basis of the errors between the reference and the estimated values of torque and flux, it is possible to control the inverter states directly in order to reduce the torque and flux errors within the prefixed band (hysteresis band) limits [5] .
Unlike FOC, DTC does not require any coordinate transformation, current regulator and PWM signals. In spite of its simplicity, DTC allows a good torque control in steady-state and transient operating conditions. The problem is to quantify how good the torque control is with respect to FOC. In addition, DTC controller is very little sensible to the parameters detuning in comparison with FOC. 
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The angular position of the stator flux vector is required to determine the appropriate voltage vector to be selected for switching of inverter switches. Thus the angle can be calculated as:
The torque hysteresis controller used here is a 4-level hysteresis controller. The torque error obtained as the difference between the reference and actual torques can be 2, 1,-1, 2. The flux hysteresis controller used is a two-level hysteresis controller. The flux error obtained as the difference between the reference and actual fluxes can be 1 or -1. The voltage vector plane is divided into six sectors. The sector calculator block determines the current stator flux vector position. Depending upon the stator flux vector position and the errors from torque and flux hysteresis controllers, an appropriate voltage vector is selected from the switching table.
B. Neutral Point Clamped three-level Inverter
Recently, there is a growing demand for high power conversion systems with high output voltage and low harmonics. Since the multilevel inverters have many advantages, including high voltage capability with the same switching devices, higher quality output voltages and currents, they have been receiving much attention in high power applications [6] . Many multilevel topologies have been proposed, and one of the most popular one is the neutral point clamped (NPC) three level inverter. Fig. 4 
C. Voltage Balancing Algorithm
One of the major drawbacks encountered clamped inverter is the neutral point voltage the DC link voltage is divided by capac flowing out or into the neutral point can resu of neutral point. Neutral point voltage unbal output voltage harmonics and may shift the an unacceptable level, and may damage the and filter capacitors.
For voltage balancing at the neutral poi voltage vectors are used as shown in fig.6 . and large vectors for switching. As far as considered, if they were used, it would n magnetize the motor at zero speed at no loa used [2] . As the large vectors cause the ma get connected either to point P or N, there is at point O. Thus there is no power loss at large vectors. Both the medium and small v the voltage unbalancing at neutral point as t into or draw from the neutral point [4] .
Here in this algorithm, as only smal are employed for balancing the voltage medium vectors are not considered. In case each configuration can be obtained wi switching patterns, which have opposite effec in steady state. If in one switching patter injected into the neutral point, in the other the current is drawn from the neutral point; fo and (1 0 0 (2 2 1) ltage unbalance of fore they can be employed to balance the neutra unbalancing at neutral point compensated and are used for v ( 1 2 2) ( 0 1 1) ( 1 1 2 Fig.7 shows the block diagram of direct torque control with three-level inverter simulated on induction motor. In order to show the effectiveness of the control strategy, the simulation is carried out on induction motor. The control scheme is simulated with Matlab/SIMULINK, which is the most powerful and popular tool for simulation. The induction motor used for simulation has a nameplate reading of three phase 460 V ac, 200 HP, rated speed of 1500 rpm and reference torque of 0.8Nm. Fig.8 shows the stator current of the DTC driven induction motor drive. Fig.9 shows the rotor speed. The reference speed given was 100 rpm for 1 second. Later it changes to 500 rpm for 0.5 second (from 1 sec to 1.5 sec, speed is 500 rpm). At 1.5 second, speed changes to 150 rpm. 
IV. CONCLUSION
This paper presents a very simple implementation of direct torque control of an induction motor drive with three-level inverter (neutral point clamped topology) and voltage balancing algorithm. This work is an extension of the conventional DTC with two-level inverter. The results show that the induction motor with direct torque control using threelevel inverter gives reduced torque ripple and smooth flux locus. Thus it can be concluded that the DTC method when applied to doubly fed induction generator for wind system contribute to improvement of system response parameters.
